Numerous studies of post-operative fluid status have utilized sophisticated measurements of electrolyte distribution and fluid shift without relating results to clinical practice. The aim of this prospective randomized study was to investigate the response of patients undergoing abdominal surgery of moderate severity to conservative postoperative fluid administration. Forty-five patients undergoing open cholecystectomy were randomized to receive 2.51 of fluid (1 I normal saline and 1.51 5% dextrose), 11 of normal saline, or free oral fluids (groups 1, 2, 3, respectively) .
INTRODUCTION
The post-operative management of a patients' fluid balance is one of the most critical aspects of hospital care, with the judgement between over and under hydration often being a difficult one.
Entrenched surgical dogma demands the maintenance of urine output greater than 50 mllh, even to the extent of administration of potentially hazardous lIuid loads. This stems from the work of Shires in 1961' who attributed the decreased urine output and sodium excretion found postoperatively to a contraction in the 'functional extracellular lIuid space' out of proportion to any fluid loss. He accordingly advocated the administration of large amounts of crystalloid intravcnously-. This contrasted with the classical work of Moore! who previously demonstrated that the body's requirement for water and sodium was profoundly altered by the metabolic and hormonal response to surgical stress. His observation that 'the retention of salt and water with water in excess is one of the body's primary responses to discasc'" was the basis for the previous caution in the amount of fluid administered post-operatively. However, Shires' inlluence and the fear of acute tubular necrosis led to the introduction of increasingly generous peri and post-operative fluid regimens 5 . Roth 6 noted that at UCLA, the amount of perioperative fluid given to Department of Surgery and 'Clinical Chemistry, Royal Hallamshire Hospital,
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Correspondence to: Neil Oakley FRCS, Lincoln County Hospital, Greetwell Road, Lincoln, England cholecystectomy patients doubled between 1963 and 1967, with an increased incidence of post-operative pulmonary oedema. Although the significance of the functional extra cellular fluid (ECF) shift was disputed'"? with work suggesting that the shift was artefactuals-f this trend showed no sign of abating.
The continued rise in fluid loading prompted a joint paper by Moore and Shires entitled 'Moderation' 10 urging 'caution in adopting simple rule's of thumb that prevent accuracy in estimates and replacement'.
In spite of this communication the dogma persists and although the introduction of parenteral salt and water solutions was a major step forward in patient management it is now their very familiarity which can lead to dangerous misuse. For this reason, interest has turned towards the use of oral post-operative fluid regimens l l -16 . The work of Hessov and associates on the early introduction of oral feed and fluid l 7 , 18 following moderate severity abdominal surgery suggests this approach is feasible and safe.
We have compared three post-operative lIuid regimens, two intravenous and one oral, for their effects on serum osmolality and electrolytes.
MATERIAL AND METHODS
Forty-five consecutive open cholecystectomy patients (age range 21~76) were randomized blindly (with ethical committee approval) to receive one of three different post-operative fluid regimens. Both surgeon and anaesthetist were unaware of which group the patient was allocated to. Patients were given sufficient Hartmann's solution intraoperatively to replace operative loss. The three subsequent regimens were as follows:
Group lOne litre 0.9% saline and 1.515% dextrose every 24h Group 2 One litre 0.9% saline every 24 h Group 3 Intravenous fluids discontinued at the end of the operation and free oral fluids and diet were given as requested by the patient.
In groups 1 and 2 intravenous fluids were given over 24 h periods and were continued until the patient requested oral fluids.
Patients remained in the study irrespective of urine output. Catheterization was not routinely performed either peri or post-operatively.
The parameters measured were:
Serum urea, electrolytes and osmolality: immediately preoperatively; 12 h post-operative 2 Urine urea, electrolytes and osmolality: immediately preoperatively; daily from a 24-h urine collection.
Both the blood samples and 24-h urine collection were maintained until the patient was eating and drinking normally. The only exclusions were patients with a history of cardiovascular, respiratory or renal disease or abnormal plasma urea and electrolytes on admission.
For statistical analysis we compared before-and-after data within groups by Student's paired t-test.
RESULTS
operatively in groups 2 and 3 and this was associated with a significant increase in urine osmolality.
DISCUSSION
The total concentration capacity of healthy human kidneys is approximately 1200 mmol/1. As approximately 800 mmol of solute has to be excreted every 24 h, the minimum urine volume required to totally excrete the osmolar load is 660 ml per 24 h19. Any output less than this should in theory lead to the accumulation of waste products. However, the urine output and osmolality load is modified in the postoperative patient by the preferential reabsorption of sodium and water in response to circulating hormones such as antidiuretic hormone (ADH) and aldosterone/", The maintenance of the patients' 'internal milieu' is one of the fundamental tenets of surgical care. However, the clinician responsible for the routine post-operative management of fluid balance is often the most junior and the least experienced member of the medical staff. When faced with constant reminders of low post-operative urine output from 
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In all three groups every patient was eating and drinking normally by the end of the second post-operative day. A number of patients in each group had an episode of postoperative vomiting but there was no relationship to any particular fluid regimen and there were no abnormal serum results in any of these patients. Five patients went into urinary retention post-operatively: three from group 1 and two from group 2.
The post-operative fluid output is shown in Table t. As one would expect, the urine output was less in groups 2 and 3 with oliguria in the first post-operative day. In no patient, however, did tachycardia or hypotension suggestive of hypovolaemia develop during this period. Despite the oliguria the plasma osmolality and electrolytes showed no significant difference in any of the three groups ( Table 2) . The urinary urea, electrolytes and osmolality are shown in Table 3 . There was a significant increase in both urinary urea and potassium concentration over the first 24 h post- nursing staff and an already busy workload, the temptation is to 'err on the side of caution' and over-prescribe fluids. Such interventions ignore the dynamic role of the kidneys in the physiological response to trauma. Whilst usually tolerated by fit patients this contrasts with the anaesthetic approach to fluid balance which recognizes the potential for cardiovascular and pulmonary compromise 21 ,22 in fluid overload. The hormonal environment is such that the post-operative patient has a restricted ability to form hypotonic urine and to clear free water for the 48-72 h 'phase of injury'23.
Our results show that a conservative approach can be justified in that in none of our patients was there any clinical detriment, or compromise of the homeostatic mechanisms for the preservation of plasma tonicity, irrespective of the regimen of fluid input. This should be expected by looking at the urine osmolality: despite oliguria in groups 2 and 3, the plasma osmolality was always well within the limit determined by the maximal concentrating power of the kidneys. There is evidence from the literature that this conclusion can be extended to elective abdominal operation in addition to open cholecystectomy'I''" with no effect on clinical outcome.
These observations suggest that in fit patients undergoing moderate severity uncomplicated abdominal surgery, the nature of post-operative fluid administration is not critical. This conservative approach to fluid administration does not imply that a laissez-laue attitude should be taken to fluid management-rather the opposite. An appreCIatIOn of the physiological responses to trauma leads the clinician to remember that the urine output is less of a source of anxiety per se but a further indication of a patient's overall condition to be interpreted in conjunction with other indices such as turgor and thirst. The need is for a flexible and cautious approach to the management of post-operative fluids and the striking of a healthy balance between the spectres of prerenal failure and fluid overload.
